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Abstract :
We investigate here shear flow past a droplet adhering on a wall. Results were obtained for the 3D problem with
inertia by using a diffuse-interface method. First, conditions are considered wherein droplets, after an initial
transient, attain a steady state shape, due to contact angle hysteresis. Results are presented for drop shapes, and
the shape of the contact lines, at the critical conditions beyond which no steady shape is found. Results are also
presented for the critical conditions for the onset of droplet motion as a function of a Reynolds number. The results
compare well with those reported in previous work for creeping flows in that asymptotic limit. The final part of the
presentation focuses on the complex structure of the wake behind the droplets, and results will be shown wherein
droplets either break up, detach, or continue to move along the wall.
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1 Introduction and Method
This work extends previous studies on 3D flows for creeping flows (e.g., Dimitrakopoulos and
Higdon 1998) and 2D flows with inertia (Spelt 2006) by considering the 3D problem at inter-
mediate values of a Reynolds number. A problem sketch of this problem is presented in Figure
1. The key issues for this particular problem are the steady-state shape of droplets and the deter-
mination of critical conditions beyond which no steady state is found. The problem is of more
general interest, though, as numerical simulations of these flows demand an accurate resolution
of the motion of contact lines as well as the tracking of deformable interfaces and the dynamic
interaction between two fluids, the combination whereof has only recently received significant
attention in the literature.
Figure 1: Problem definition
Results were obtained using a diffuse-interface method (Ding et al., submitted). Hence
the stress singularity at moving contact lines is alleviated by the finite thickness of the inter-
face (Jacqmin 2000); our previous work has shown that this method yields results for droplet
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Figure 2: Visualisation of the complex wake structure of a steady drop. The contours represent the
streamwise vorticity distribution. Reynolds and Weber numbers based on an effective drop radius and
the shear rate are 75 and 2.9, respectively. Advancing and receding contact angles are 90 and 40 degrees,
respectively.
spreading that are similar to those obtained from a level-set method with a slip condition (Ding
and Spelt 2007a; the effective slip length is found to be proportional to thethickness of the in-
terface), but that special care must be taken when prescribing a value of the contact angle in the
simulations (Ding and Spelt 2007b).
2 Results and Discussion
The results thus obtained for the flow considered here first address the shape of droplets that
have eventually grinded to a halt due to contact angle hysteresis, having been moved by the
shear flow only over a small distance. In particular, hypotheses put forward by Dimitrakopou-
los and Higdon (1998) regarding multiple shapes of the contact line at steady state have been
investigated. As suggested by those authors, our findings show that the drop shape is sensitive to
the initial drop shape, for a given drop volume. If either the droplet initially is given a uniform
contact angle corresponding to either the advancing or receding angle, different steady states
are obtained. The critical conditions beyond which a steady state does not exist shows close
agreement with the results of Dimitrakopoulos and Higdon (1998) in the creeping-flow limit
considered by those authors. Interesingly, however, a different drop shape is observed when the
initial contact angle corresponds to the receding angle (the shape for the other case does agree
well); it is argued that the non-linear problem solved in the previous work may have further
solutions.
A further part of the presentation focuses on the conditions beyond which no steady state
drop shape is found. Results include cases wherein droplets continue to move, possibly partly
being entrained as small droplets by the shear flow. An attempt is made to relate the results for
moving drops to the classical literature on moving contact lines. In particular, it was shown by
Spelt (2006) that, in the corresponding 2D problem, an apparent contact angle could be related
to the prescribed angle through Cox-Voinov-type relations, when using a suitable definition of
the apparent angle. Final results investigate the complex structure of the wake behind droplets
(see Figure 2), and observations of shedding of vortices.
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